Two 'trout C-polysaccharide-binding proteins,' TCBP1 and -2, with relevance to early inflammatory events have been discovered in the last century. The present study characterises the respective cDNA sequences from rainbow trout (Oncorhynchus mykiss), including multiple TCBP1 transcript variants. These variants are generated either by the use of alternative splice sites or the exclusion of exons. The longest mRNA isoform, TCBP1-1, encodes a 245-aa protein with a large signal peptide and a complement component C1q domain. The shortest mRNA isoform, TCBP1-5, contains a premature termination codon and hence fails to encode a functional factor. The 224-aa-long TCBP2 protein consists of a comparably shorter signal peptide and a pentraxin domain. Evolutionary analyses clearly separated TCBP1 and -2 because of distinctive protein motifs. Expression profiling in the liver, spleen, and head kidney tissues of healthy trout revealed that TCBP2 mRNA concentrations were higher than the concentrations of all five TCBP1 mRNA isoforms together. The hepatic levels of these TCBP1 variants increased significantly upon infection with Aeromonas salmonicida, whereas TCBP2 transcript levels rose moderately. As the biological function of TCBP1 is barely understood, we tagged this factor with the green fluorescent protein and visualised its expression in HEK-293 cells. Overexpression of TCBP1 increased the level of active NF-kB factors and induced cell death, indicating its involvement in proapoptotic NF-kB-dependent signalling routes.
Introduction
The acute-phase response (APR) is a fast and non-specific reaction to local or systemic disturbances of homeostasis following an infection or a tissue injury [1] . The APR summarizes several physiological changes involving the opsonization and lysis of microorganisms, the control of clotting, the restriction of iron, and the protection of host cells from oxidative damage [2] . Mainly hepatocytes synthesize large numbers of acute-phase proteins [3, 4] , whose concentrations increase strongly in mammals [5] and fish [6e8]. The C-reactive protein (CRP) was the first acute-phase protein isolated from pneumonia patients in 1930 [9] . CRPs are phylogenetically ancient proteins that belong to the pentraxin family of plasma proteins, which are generally composed of five identical subunits in mammals [10] . The biological functions of CRPs are diverse, comprising the control of cytokine synthesis and peroxide production or the binding to phosphocholine of bacteria and dying cells to eventually activate complement, platelet aggregation and phagocytosis [11, 12] .
A CRP-like molecule from rainbow trout (Oncorhynchus mykiss) was first described in the early 1980s [13, 14] . Further studies revealed that this so-called "trout C-polysaccharide-binding protein" (TCBP) features a trimeric structure [15] and is also expressed on lymphocytes [16] . Upon bacterial challenge, TCBP increases in concentration [15, 17] and enhances the activity of the complement system [18] . In the mid-1990s, a second C-polysaccharide-binding protein was found in rainbow trout, termed as TCBP2 [19] , though featuring different structural and biochemical properties as TCBP1. TCBP2 has a pentameric structure [19] and was found to interact with lipopolysaccharide isolated from the pathogen Aeromonas salmonicida [20] . These protein-based investigations on TCBP factors are currently complemented by single gene or transcriptome profiling approaches, which point once more to the significant involvement of TCBPs in innate immunity [21, 22] and stress coping in trout [23] on a different molecular level.
However, only fragments of the protein or cDNA sequences of TCBP1 (20 aa; <540 nt) and TCBP2 (25 aa) were available at public databases [2, 19, 24] . For this reason, we characterised the complete coding sequences and the deduced primary protein structures of both TCBP factors complemented by the profiling of their expression before and after infection with A. salmonicida. Moreover, we investigated the influence of overexpressed TCBP1 on the NF-kB level and the vitality of the model cells.
Materials and methods

Rainbow trout and infection experiment
Rainbow trout (Troutlodge, Tacoma, USA) were housed in experimental glass tanks with partially recirculating water (16 C, pH 7.8, 10.5 mg/l O 2 ) at the Institute of Fisheries, LFA M-V (Born, Germany). Trout were 11 months in age and averaged 27.5 ± 2.1 cm in length and 335.4 ± 66.7 g in weight.
For the investigation of the infection-modulated TCBP expression, rainbow trout were infected with 1 Â 10 7 Aeromonas salmonicida ssp. salmonicida (wild-type strain JF 2267). The intraperitoneal injection is described in Ref. [25] . Tissue samples from the liver, spleen, and head kidney were used from four individual trout at 0, 12, 24, 48 and 72 h postinfection (hpi).
Nucleic acid isolation
Genomic DNA was extracted from the kidney tissue of rainbow trout using the DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany).
RNA was isolated from the gills, head kidney, liver, and spleen of rainbow trout using TRIzol (Invitrogen/Life Technologies, Darmstadt, Germany) and subsequently purified with the RNeasy Mini Kit (Qiagen, Hilden, Germany). RNA quantity was determined at the NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, Darmstadt, Germany); the integrity of RNA was verified through agarose gel electrophoresis. Total RNA was reverse-transcribed with SuperScript II Reverse Transcriptase (Life Technologies) after priming with oligo-d(T) and random hexonucleotides.
Establishment of TCBP cDNA and gene sequences
For the isolation of TCBP1 from rainbow trout through RACE (rapid amplification of cDNA ends) experiments (GeneRacer SuperScript II RT Module, Invitrogen), we derived the 5 0 -RACE oligonucleotides TCBP1_R1 and eR2 (Table 1) based on a TCBP1-encoding cDNA fragment (AF281345, [2] ). In a standard PCR using OneTaq DNA Polymerase (New England Biolabs, Frankfurt/Main, Germany), we retrieved a~300 bp fragment, which allowed the design of the 3 0 -RACE primer TCBP1_F1 (Table 1) . The 3 0 -RACE yielded a >1000 bp product, including a 265 bp overlap region shared with the previously amplified 5 0 -RACE fragment. TCBP1 from maraena whitefish was also retrieved in a 3 0 -RACE using primers that had been successfully used for quantitative expression profiling (TCBP1-2_LC1F1).
For the isolation of TCBP2 from trout, a partial TCBP2 protein fragment (AAB35349) was used as blastp query to search the TIGR Gene Index database [26] . The ESTs TC178013, TC96061 and TC134954 served to derive the primers TCBP2_F1 and eR1 (Table 1) . Standard PCR amplified a 791 bp fragment of the TCBP2-encoding cDNA.
The genomic sequence of TCBP1 was retrieved using genomic DNA as a template and the High-Fidelity Platinum Taq DNA Polymerase (Thermo Fisher Scientific) as well as specific primers placed on the ends of the TCBP1 cDNA sequence, TCBP1_F3 and eR4 (Table 1) . PCR products were cloned into pGEM-T Easy (Promega, Mannheim, Germany) and sequenced. Sequencing was performed on a MegaBACE capillary sequencer (GE Healthcare, Munich, Germany). Each nucleotide position was sequenced at least twice.
Quantitative TCBP1 and -2 expression profiling
We used real-time fluorescence-based quantitative RT-PCR (RTqPCR) to determine the abundance of five different TCBP1 and TCBP2 transcripts in liver, spleen, and head kidney samples. Liver is generally accepted as the main source of acute-phase reactants [3, 4] ; spleen and head kidney are major sources of lymphocytes, which have been shown to express TCBP2 [16] . Moreover, mammalian lymphocytes are known to synthesize CRP in mammals, though apparently not contributing to CRP plasma levels [27] .
We identified discriminating sequence motifs to derive the oligonucleotides listed in Table 1 . All these RT-qPCR primers were designed (Pyrosequencing Assay Design software v.1.0.6; Biotage, Uppsala, Sweden) to amplify fragments between 107 and 159 bp with efficiencies of >92% (R 2 > 0.99). EEF1A1 (eukaryotic translation elongation factor; [28] ), RPS5 (ribosomal protein S5) and RNA18S (18S ribosomal RNA) were chosen as reference genes ( Table 1) . The RT-qPCR analyses were performed with the LightCycler 96 System (Roche, Mannheim, Germany) using the Sensi-FAST SYBR No-ROX Kit (Bioline, Luckenwalde, Germany). Crossing points (CP) up to 35 cycles were considered detectable. Standard curves were generated based on CP values of tenfold dilutions of the respective PCR-generated fragments (1 Â 10 3 to 1 Â 10 6 copies).
Melting curve analyses validated the amplification of distinct products for each of the various TCBP transcript species. Amplicons were visualised on 3% agarose gels to assess product size and quality.
Reverse-northern blot analysis of TCBP1
Total RNA from the liver tissue was transcribed into cDNA as described above, priming with a TCBP1-specific antisense oligonucleotide (Table 1) . Amplificates were run together with a PCRgenerated TCBP1 fragment as a positive control on a 3% agarose gel and washed twice in denaturation solution (0.5 M NaOH, 1.5 M NaCl) and twice in neutralisation solution (0.5 M Tris-HCl [pH 7.5], 1.5 M NaCl). Nucleic acids were transferred on a nylon membrane (Roche) through overnight capillary blotting in 20 Â SSC and then UV-cross-linked. In parallel, a 650 bp digoxigenin-labelled probe for hybridisation reaction was synthesised using the oligonucleotides TCBP1_F2 and eR3 (Table 1 ) and the PCR DIG Probe Synthesis Kit (Roche). Prehybridisation and overnight hybridisation were performed at 47 C in DIG Easy Hyb solution (Roche). Membranes were washed twice in low stringency buffer (2 Â SSC, 0.1% SDS) at room temperature for 5 min each and then twice in high stringency buffer (0.1 Â SSC, 0.1% SDS) at 43 C for 20 min each. The blots were visualised as instructed in the kit manual for DIG Nucleic Acid Detection (Roche).
Construction of a TCBP1 expression plasmid
We constructed GFP-tagged plasmids expressing full-length TCBP1 from rainbow trout. To this end, we amplified the open reading frame (ORF) of TCBP1 using the primer pair TCBP1_GFP_F1 and -R1 (Table 1) , introducing restriction sites for SpeI and EcoRI at the 5 0 and 3 0 end of both fragments through standard PCRs. The resulting 747 bp amplicon was subcloned into pGEM-T Easy Vector (Promega, Mannheim, Germany). This subclone was digested with SpeI and EcoRI at 37 C overnight. The retrieved fragment was inserted in frame into the respective sites of an expression vector encoding the pAM505 green fluorescent protein (GFP; GenBank accession code: AF140578), previously double-digested with the same restriction enzymes. Plasmids were prepared with endotoxin-free reagents (EndoFree Plasmid Maxi Kit, Qiagen) and sequenced to confirm appropriate construction.
Cell culture, transfection, confocal microscopy and luciferase assay
The human embryonic kidney cell line HEK-293 (ATTC; http:// www.lgcstandards-atcc.org) was grown in DMEM medium (Gibco/Thermo Fisher Scientific), supplemented with 10% foetal calf serum (Biochrom AG, Berlin, Germany) and 1% gentamicin (Ratiopharm, Ulm, Germany). HEK-293 cells were transfected with 1000 ng plasmid expressing GFP-tagged TCBP1 using Lipofectamine Transfection Reagent (Thermo Fisher Scientific) according to the manufacturer's instructions. Twenty-four and 48 h posttransfection, the nuclei of living cells were stained with Hoechst 33342 dye (1 mg/ml, Sigma-Aldrich, Taufkirchen, Germany) and analysed using the LSM 780 (Carl Zeiss, Oberkochen, Germany) equipped with a 63Â oil-immersion DIC objective and an incubation chamber to maintain 37 C and 5% CO 2 during the microscopic investigations.
Quantifying the extent of the NF-kB activation was essentially performed as described in Ref. [29] . In brief, HEK-293 cells were cotransfected with 50 ng of a modified ELAM (endothelial cellleukocyte adhesion molecule) promoter construct, driving the expression of a luciferase reporter gene together with increasing concentrations (10 ng, 100 ng, 1000 ng) of the TCBP1 expression plasmid. The total DNA concentration was kept constant at 1150 ng by adding the DNA of an empty cloning vector. The luciferase activity of HEK-293 cell lysates was measured using the DualLuciferase Reporter Assay System (Promega) at the Lumat LB 9501 luminometer (Berthold, Wildbad, Germany). Values were normalised against the protein concentration of the cell extracts. Each transfection was assayed in triplicate; each transfection experiment was repeated five times with three different plasmid preparations.
Cell vitality was determined in three independent experiments performed in duplicate with three different plasmid preparations using 0.4% trypan blue solution (Sigma-Aldrich) and a Neubauer counting chamber (0.1 mm depth; Glaswarenfabrik Karl Hecht, Sondheim, Germany).
BrdU-test
For cell proliferation analyses, BrdU (5-bromo-2 0 -deoxyuridine, Molecular Probes, Eugene, USA) labelling was performed with a 10 mM working solution for 30 min. Cells were washed with PBS, fixed with paraformaldehyde (4%, 10 min; Merck, Darmstadt, Germany) and permeabilised with Triton X100 (0.1%, 10 min; SigmaAldrich, Taufkirchen, Germany). Denaturation of the DNA was achieved with 2 N HCl for 10 min. Subsequently, samples were incubated with a mouse anti-BrdU antibody (1:100, 1 h; Thermo Fisher Scientific, Rockford, USA) and goat antimouse Alexa 546 (1:100, 30 min; Molecular Probes, Eugene, USA) and then examined under the microscope.
Western blotting
For western blot analysis, cells were harvested and resuspended in 4Â Laemmli Sample Buffer (Bio-Rad, München, Germany). After electrophoretic separation in 4%e15% Criterion TGX Stain-Free polyacrylamide SDS gels (Bio-Rad), proteins were electrophoretically transferred onto polyvinylidene difluoride (PVDF) filters. These filters were then blocked with Roti-Block (Roth, Karlsruhe, Germany) for 1 h and subsequently incubated with a GFP-specific antibody (1 mg/ml; Thermo Fisher Science) and detected with anti-IgG antibodies conjugated with horseradish peroxidase (#7074; Cell Signalling, Danvers, MA, USA) at a 1:5000 dilution. The blots were developed with an enhanced chemiluminescence substrate (Bio-Rad); luminescence was eventually recorded in a ChemiDoc imaging station (Bio-Rad).
In-silico data analyses
The characterisation of DNA and aa sequences was conducted using ClustalW (Combet et al. 2000) for multiple global alignments or LALIGN (ExPASy bioinformatics resource portal) for pairwise local alignments, the Expert Protein Analysis System Proteomics server [30] for translating DNA into aa sequences and for calculating molecular weights, the programs Phobius [31] and SignalL3 [32] for predicting signal peptides and SMART (Letunic et al. 2009) for identifying protein domains. Potential glycosylation sites were identified using the NetCGlyc, NetNGlyc and NetOGlyc Servers [33] . Visualisation of the secondary protein structure of both TCBP factors was performed using the programs Phyre 2 (Protein Homology/ analogY Recognition Engine V 2.0; [34] ) and PyMOL v1.7.6 (https:// www.pymol.org/). The phylogenetic tree was constructed using the Molecular Evolutionary Genetics Analysis package MEGA 6 [35] .
The dendrogram was created with the neighbour-joining method applying the Poisson correction distance model. A total of 1000 bootstrap replicates were performed. Expression data were subjected to a one-way ANOVA, followed by Tukey's post hoc test, or two-way ANOVA applying Bonferroni multiple testing correction as provided by GraphPad Prism v5.01.
Results
At least five TCBP1-encoding transcript variants are present in rainbow trout
A partial 357 bp fragment of the TCBP1 cDNA from rainbow trout [2] was used to derive oligonucleotide primers for the subsequent 5 0 -and 3 0 -RACE experiments. Visualisation of the resultant PCR products indicated multiple TCBP1 transcripts of different sizes in the liver tissue of rainbow trout. A reverse-northern analysis applying a TCBP1-specific probe confirmed the presence of three TCBP1 transcripts with lengths between approximately 800 and 1100 bp (Fig. 1a) . We cloned and sequenced the individual PCR products, eventually obtaining five alternative TCBP1 transcripts (Fig. 1b) differing in length, though sharing sequence identities of almost 100%. Nevertheless, we note that these five mRNA isoforms featured six single nucleotide exchanges (Fig. 1c) , four of which were nonsynonymous mutations. Of note, the exchanges at positions 414, 560, 597, 652 and 719 are also apparent when comparing the TCBP1 sequence obtained in our lab with the one from BioProject PRJNA227065 [36] .
The longest TCBP1 transcript (TCBP1-1) consists of 1059 bp, including a 738 bp ORF and a consensus polyadenylation signal (AATAAA) 19 nucleotides upstream of the poly(A) tail (submitted to GenBank as HE974763). TCBP1 transcript variant 2 (LT605005) lacks a 53 bp fragment designated as 'segment B' (Fig. 1b) . TCBP1-3 (LT605006) lacks a 97 bp 'segment C' that immediately follows segment B in the full-length transcript. TCBP1-4 (LT605007) lacks a 138 bp sequence composed of segments C and D. TCBP1-5 (LT605008) is the shortest splice variant, as segments B, C and D are absent.
We expected that the particular segments A, B, C, D and E constituting the different TCBP1 transcript variants represent exons, interrupted by intronic sequences. To validate this assumption, we analysed the genomic TCBP1 sequence (LT605009), which is composed of five exons (Fig. 1d) . Surprisingly, we found that segments C and D and 92 bp of segment E are appended to one another on exon 3. A closer look at this sequence revealed the presence of alternative splice acceptor sites in exon 3, which are located immediately upstream of segments D and E.
In addition, genomic TCBP1 sequence confirmed at least the C/T variation at position 597 (Fig. 1c) .
TCBP1 is most closely related to C1QTNF3 among the various vertebrate C1q domainecontaining proteins
The longest TCBP1-1 transcript variant encodes a 245-aa protein (CCK33845) with a theoretical molecular weight of about 27 kDa containing a long signal peptide (1e52) and a complement component C1q domain (92e240). Four residues were predicted as potential O-glycosylation sites (T134, S141, T144, S223).
The C1q domain of TCBP1 was predicted to form a so-called jelly roll of antiparallel b-strands (Fig. 2a) (Fig. 1c) . We note, however, that TCBP1 variants 2 and 3 both contain another ATG codon 17 and 9 nucleotide, respectively, downstream of the first ATG at the 5 0 end. The usage of those more downstream-situated start codons could render intact TCBP1 proteins with truncated signal peptides. BLASTp searches at GenBank revealed that trout TCBP1 shares higher degrees of homology with C1q domainecontaining proteins in other vertebrate species, namely, C1QTNF3 (C1q and tumour necrosis factor-related protein 3, also known as CTRP3 or CORS-26), C1QL2 (complement component 1, q subcomponent-like 2) and ADIPOQ (adiponectin, C1Q and collagen domainecontaining protein). The highest level of identity was determined between TCBP1 and the respective proteins in northern pike Esox lucius (C1QTNF3: 62.0%; C1QL2: 46.3%; local alignment). Identity level was lower compared with the human orthologs (C1QTNF3: 38.1%; C1QL2: 32.0%). The best conserved motif within the C1q domain is an 88-aa-long region between residue 153 and 240 of TCBP1 containing 18 identical and 26 similar residues (Fig. 2b) . Thirteen of these 18 identical residues have previously been identified as wellconserved positions in vertebrate C1q domainecontaining proteins [38] . Surprisingly, our searches at GenBank did not reveal any true ortholog of TCBP1 in Atlantic salmon, a close relative of rainbow trout. To prove, if TCBP1 is even uniquely present only in rainbow trout, we tried to retrieve a TCBP1-encoding fragment from maraena whitefish, another salmonid fish closely related to rainbow trout, with a primer based on trout TCBP1-1. The resultant cDNA sequence was submitted at GenBank (LK995401) and is 84.7% identical to its homolog in trout. Whitefish TCBP1 encodes a protein that also contains a C1q domain (63e211) and shares 80.5% identical and 10.9% similar aa residues with its counterpart in trout (M29eV240).
TCBP2 from rainbow trout is structurally very different from TCBP1
In contrast to TCBP1, we detected only one single TCBP2 transcript with a 675 bp ORF (sequence submitted to GenBank as HF546064). The cDNA sequence encodes a 224-aa protein (CCO02601; Fig. 2c ) with a molecular weight of 26 kDa, similar as TCBP1. TCBP2 contains a signal peptide (1e19), which is less than half as long as the signal peptide in TCBP1, adjacent to a pentraxin domain (PTX, 20e224; NCBI's Conserved Domain Database: smart00159) representing the complete mature protein. The core of antiparallel b-strands (Fig. 2c) is predicted to constitute the typical disc-shaped tertiary fold of vertebrate PTX domains. The central signature motif HxCxTWxS (positions 113e120 in TCBP2; Fig. 2d ) and two cysteine residues (positions 54 and 115; Fig. 2d ) forming intramolecular disulphide bonds are well conserved in different PTX domainecontaining proteins from fish to human [39] . Among these PTX domainecontaining proteins, TCBP2 exhibits a considerable level of structural similarity with PXN1 (pentraxin-fusion protein) from E. lucius (65.8% identity in a local alignment), African cichlid fish Haplochromis burtoni (58.8%), zebra mbuna Maylandia zebra (58.1%), and tilapia Oreochromis niloticus (55.8%). The homology of TCBP2 with human CRP is significantly lower (36.0%).
TCBP1 and -2 from rainbow trout were only 11.7% identical, indicating that they are not related to each other. The phylogenetic relationship of TCBP aa sequences with other C1q domaine and PTX domainecontaining proteins was reconstructed in Fig. 2e . Factors containing C1q domains, including TCBP1 from rainbow trout and maraena whitefish, were clearly separated from factors containing the PTX domain, such as TCBP2 from rainbow trout. Within the cluster of C1q domainecontaining proteins, salmonid TCBP1 proteins were sorted along with C1QTNF3, CTRP3 and C1QL2 sequences from different bony fish species in a main clade separated from human C1QTNF3 and C1QL2 and trout ADIPOQ. With the same strong bootstrap support, TCBP2 was clustered together with teleostean PTX domainecontaining proteins and separated from human CRP. The two PTX domainecontaining proteins from tilapia and salmon with similarity to the prototypical jeltraxin from burrowing frog Lepidobatrachus laevis [40] are obviously more distantly related.
TCBP1 transcript variants are differentially concentrated in the liver, spleen, and head kidney of healthy and infected trout
Quantitative real-time RT-PCR (RT-qPCR) analysed the levels of the five different TCBP1 and TCBP2 transcripts in liver, spleen, and head kidney (Fig. 3) using discriminating primer pairs. These have been derived from particular sequence regions unique for the individual TCBP transcript species (Fig. 1c) .
TCBP2 copies were most abundantly present in the liver (~101.400 copies/mg RNA), spleen (~91.600 copies/mg RNA) and head kidney (~400 copies/mg RNA) of healthy trout amounting to even more copies as detected for all five TCBP1 isoforms together (Fig. 3) . Among the levels of TCBP1-encoding transcripts in the liver, we recorded large differences ranging from about 300 (variant 1) tõ 30.000 copies (variant 5) per mg RNA (Fig. 3a) . In other words, TCBP1-1 transcript levels were clearly lower than those of TCBP1-3 (55-fold, p ¼ 0.08), TCBP1-4 (25-fold, p ¼ 0.01) and TCBP1-5 (98-fold, p ¼ 0.008). Similar expression profiles were detected in the spleen (Fig. 3b) with lowest transcript amounts for TCBP1-1 (~400 copies/mg RNA) and highest mRNA abundances for TCBP1-5 (~24,900 copies/mg RNA). In the head kidney, the copy numbers of all TCBP-encoding transcripts were generally very low (>400 copies/mg RNA), in line with a previous report showing that only a low proportion of head kidney lymphocytes express TCBP [16] .
The infection of rainbow trout with high A. salmonicida dosage was recognised through apathetic behaviour, haemorrhages in the liver, enlarged spleen and liver and swollen intestine, accompanied by significantly elevated concentrations of transcripts coding for proinflammatory cytokines [25] . Also, the hepatic transcript levels of the distinct TCBP1 transcript variants rose dramatically and peaked at 48 hpi (TCBP1-1: >770-fold; TCBP1-2: >2900-fold; TCBP1-3: >170-fold; TCBP1-4: >500-fold; TCBP1-5:~950-fold), although with large interindividual variations (0.1 < p < 0.2). By comparison, the mRNA concentrations of TCBP2 increased only by 22.8-fold at 72 hpi, nevertheless representing a highly significant change (p ¼ 0.009).
In contrast to the liver, the copy number of TCBP1 isoforms decreased in the spleen at 12 hpi (0.2-to 0.7-fold, 0.001 < p < 0.6) and increased nonsignificantly at later time points (2.9-to 6.8-fold, 0.2 < p < 0.4, 72 hpi). For TCBP2, we recorded significantly decreased mRNA amounts at 12 h and 24 h postinfection (0.2-to 0.4-fold, p 0.05). Also in the head kidney, the copy number of TCBP1 isoforms and even TCBP2 increased at later time points (3.1-to 104.3-fold, 0.001 < p < 0.08, 72 hpi). However, the total copy number did not exceed 6000 transcripts per mg RNA from the head kidney, while several million TCBP copies were detected in the liver at the same time points.
TCBP1 activates in vitro NF-kB-responsive promoter constructs
Our evolutionary analyses pointed at the close relationship of TCBP1 with the mammalian factors C1QTNF3 and ADIPOQ. These paralog factors have been reported to control the inflammationrelated transcription factor NF-kB [41e43], although with opposite effects: while C1QTNF3 suppresses NF-kB signalling, ADIPOQ induces it. To evaluate whether and how TCBP1 interferes with the cellular turnover of NF-kB, we expressed the full-length variant TCBP1-1 from rainbow trout in HEK-293 model cells. Western blotting revealed two potential TCBP1 bands (Fig. 4a) . The lower band agrees well with the predicted value of 54.7 kDa for a GFPtagged variant of TCBP1, while the upper band represents most likely the O-glycosidically modified TCBP1-GFP protein. In this context, we refer to four putative O-glycosylation sites found in the primary structure of TCBP1 (cf. 3.2.) Laser scanning microscopy revealed 24 h posttransfection that overexpressed TCBP1 protein was dispersed in the cytoplasm of HEK-293 cells (Fig. 4b1, b2) .
Subsequently, we included in this cell system an NF-kB-responsive ELAM promoter construct and observed that TCBP1 spontaneously activates this luciferase-coupled ELAM promoter in a dosedependent fashion with R 2 ¼ 0.91 (Fig. 4c) . Transfection of 1 mg of the construct expressing TCBP1 increased the level of active NF-kB factors 2.5-fold over controls transfected with an empty vector (p < 0.001).
We consider it worth mentioning here that in 48 h posttransfection, an accumulation of GFP signal clusters (indicating most likely the presence of TCBP1 molecules) was observed in cellular areas, which showed a much brighter Hoechst fluorescence than adjacent cells (Fig. 5a1e3) . Hoechst 33342 is known to stain more brightly the condensed chromatin of either apoptotic or dividing cells, while the normal chromatin of living cells is stained more dimly [44] . To determine whether TCBP1 accumulates on dividing HEK-293 cells, we used bromodeoxyuridine (BrdU) incorporated into newly synthesised DNA as a substitute for thymidine. As BrdU signals were only detectable in regions different from highly fluorescing Hoechst/GFP regions (Fig. 5b1e3) , we assumed that TCBP1 is not linked to proliferative activities but may mediate apoptotic effects. This hypothesis was supported by a further observation indicating that the proportion of living versus dead cells is significantly (p ¼ 0.02) lower by~27% among HEK-293 cells transfected with TCBP1-encoding plasmids than in controls transfected with the empty GFP plasmid (Fig. 5c). 4. Discussion 4.1. TCBP1 and -2 are representatives of different protein families but might be involved in overlapping inflammatory activities TCBP1 and -2 proteins had been isolated through affinity chromatography from rainbow trout in previous investigations on Cpolysaccharide-binding proteins with putative importance for the early innate immunity [15, 19] . The present study analyses in greater detail the cDNA and deduced amino acid structures of both factors. TCBP1 and -2 are comparably small proteins with a similar theoretical molecular weight between 26 and 27 kDa, consistent with the experimental determination by other authors [19, 45] . The two TCBP factors are most likely secretory proteins, as both comprise signal peptides. However, mature TCBP proteins are structurally very different. Based on the peptide sequences obtained after Edman degradation, Murata and coworkers hypothesised earlier that TCBP1 might be related to immunoglobulin domainecontaining proteins, while TCBP2 may represent a CRP homolog [19] . Our interpretation of the structural data leads to the conclusion that TCBP1 is a C1q domainecontaining protein, while TCBP2 is indeed a member of the pentraxin family and convincingly resembles the prototypical pentraxin CRP.
The C1q domain is included in a multitude of different factors, which are encoded also in fish [38] . TCBP1 from rainbow trout was classified earlier as a secreted globular head C1q protein, abbreviated as 'sghC1q' [46] . Teleostean proteins with such globular C1q fold are supposed to function as carbohydrate-binding proteins [46, 47] , which are also known as lectins [48] . Interestingly, both TCBP1 and TCBP2 have been originally identified, exploiting their apparent affinity to a carbohydrate-based column [16, 19, 49] , although pentraxins have been proven to bind primarily to phosphocholine [27, 50, 51] rather than to carbohydrates. However, a polysaccharide preparation from Streptococcus pneumoniae was used for TCBP precipitation, and these polysaccharides contain substantial amounts of phosphocholine [52] . TCBP1 and TCBP2 thus bound most likely to different components of the column.
TCBP2 is closely related to pentraxin-fusion-like proteins (PXN1) in other fishes. Originally, a 1109-aa-long pentraxin derivative of a PTX domain fused to a region of an unknown function had been isolated from clawed frog Xenopus laevis [53] . Compared with Xenopus PXN1, the teleostean PXN1-like proteins are composed of a single PTX domain only and are thus considerably shorter in length. TCBP2 is also a 'short' member of the pentraxin superfamily and shares this characteristic feature with the mammalian C-reactive protein CRP [39] . The functional spectrum of mammalian CRPs comprises not only the detection of apoptotic and bacterial cells and the subsequent opsonization of potential pathogens but also the activation of the complement system [54, 55] , presumably also in rainbow trout [18, 56] . In line with previous reports, that both TCBP1 and -2 interact with subcomponent C1q of the complement pathway may be assumed [54] ; however, TCBP1 may rather activate the lectin-dependent complement pathway, while TCBP2 induces the classical one, similar to its mammalian ortholog [57] .
TCBP1 and TCBP2 levels are differently strong modulated after challenge
Different molecular techniques were applied in the present study to reveal whether multiple transcript variants encode TCBP1 in rainbow trout. We cannot rule out the possibility that these variants might originate from duplicated genes, as the family Salmonidae has been reported to possess a relatively high number of duplicated genes [36] . Nevertheless, that the different transcript variants were generated through alternative splicing events, including the use of alternative splice sites (variants 3, 4, 5) or the exclusion of exons (variant 2) appears more credible. Quantitative RT-PCR revealed that the transcripts encoding these different TCBP1 variants are differently concentrated in the liver, spleen and head kidney of healthy fish: the level of full-length variant 1 is lower than the levels of all other TCBP1 transcript variants lacking at least one exon. Provided that the transcript level eventually corresponds to protein levels, the prototypical full-length TCBP1 precursor represents a minority towards the TCBP1 isoforms with truncated signal peptides encoded by transcript variant 4 (and maybe also variants 2 and 3 in case of the use of an alternative start codon). Reference should be made to the observations of Jensen and colleagues [58] , who isolated a trout-specific carbohydrate-binding lectin apparent as a characteristic ladder of bands, which could represent oligomers of differently composed TCBP1 variants.
Variants 2, 3 and 5 appear to be incapable of coding for a functional factor because of a premature termination codon. Nevertheless, variant 5 is almost 100 times more abundant than variant 1 in the liver of healthy trout. Transcripts with a premature stop are generally subjected to an RNA-destructing mechanism known as 'nonsense-mediated mRNA decay' [59] . However, we observed that the level of TCBP1-5 is yet strongly increased to almost 1.000-fold in livers of infected fish. The synthesis of truncated or even nonsense mRNAs has been observed in one of our previous investigations on a key kinase of toll-like receptor signalling in trout [60] , and the reasons therefore remain debatable. Speculations may be made that posttranscriptional regulation mechanisms are less efficient in fish yielding a higher level of unproductive mRNAs, in contrast to the highly effective mechanisms in mammals [61] . The apparently unproductive mRNAs might, on the other hand, represent a particular form of regulation, although this hypothesis still requires experimental proof.
Comparing the hepatic expression profiles of TCBP1 and TCBP2 during bacterial challenge revealed that the concentration of TCBP1 isoforms increased several hundredfold on day 2 postinfection, whereas TCBP2 reached a comparably low expression level, peaking on day 3 postinfection (when TCBP1 transcript levels already recovered). This observation suggests that TCBP1 may be considered a typical acute-phase protein, which is, according to the definition, accumulated in response to inflammatory stimuli [5, 11] . Noteworthily, we detected neither the pronounced TCBP1 expression upon challenge in the trout spleen nor considerable amounts of TCBP-encoding transcripts in the head kidney before and after challenge. It is conceivable that TCBP-expressing lymphocytes migrated from the spleen and head kidney to the site of infection; however, this aspect should be elucidated in future studies.
Previous studies rarely indicated tissue-specific responses, rather demonstrating that the levels of TCBP1 and TCBP2 respond distinctively to particular stimuli. A moderate induction of up to 13-fold elevated TCBP1 levels after infection or immunisation with Vibrio anguillarum preparations was recorded during the first 72 h [17, 49] . Infection with Yersinia ruckeri, on the other hand, did not alter the hepatic transcript level of TCBP1 at all, although the authors had designed primers detecting all five mRNA isoforms [22] . This is in line with a preceding study demonstrating that the plasma protein levels of neither TCBP1 nor TCBP2 changed after lipopolysaccharide challenge, temperature shock, and prednisolone administration [62] . The antiectoparasite chemical formalin, the insecticide metriphonate, and the increasing water temperatures significantly elevated the TCBP2 concentration [63] , whereas the chemical potassium permanganate [63] and turpentine oil [64] , a potent inducer of the acute phase, implicated the decrease of serum TCBP2 levels. These different observations altogether allow the drawing of the conclusion that the concentrations of TCBP factors are modulated depending on the plethora of environmental stimuli. The question remains whether these two proteins enhance or dampen inflammatory responses. TCBP2 has been shown to elevate the migration activity of head kidney cells and enhance its phagocytic activity [65] . The cellular functions of TCBP1 are, however, less understood.
TCBP1 might be involved in proapoptotic NF-kB-dependent signalling routes
The present study provides further insights into the cellular function of TCBP1. We found that overexpression of TCBP1 correlates in a dose-dependent manner with the significant activation of NF-kB, as assessed with a luciferase reporter gene construct. This is driven by a modified version of the human ELAM promoter and thus is truly NF-kB-specific, as it contains only NF-kB attachment sites [66] . NF-kB is a master switch for inflammation-related processes and is known to be activated by several stimuli [67] . Human adiponectin ADIPOQ, which is structurally related to TCBP1, as confirmed by our phylogenetic analysis, has been proven to induce NF-kB reporter activity in a time-and dose-dependent manner, most likely effected by p38 MAP kinase, phosphoinositide 3-kinase and/or protein kinase C [42] . In addition, our microscopic observations suggested that TCBP1 overexpression leads to cell death, as visualised by increased Hoechst fluorescence intensity and determined through cell viability counting. We speculate based on these initial observations that overexpressed TCBP1 induces proapoptotic NF-kB-dependent activation routes. Dissecting this phenomenon in vivo remains a challenge; however, TCBP1 is possibly secreted through the exocytosis pathway and then recognises potentially dangerous agents released from damaged cells, to promote their clearance, as postulated for several other opsonising acute-phase proteins before [5, 11] . TCBP1 may thus contribute to maintaining the peripheral self-tolerance to autoantigens known to be displayed by apoptotic material [68] . However, these speculations require future experiments.
Conclusions
TCBP1 and -2 are structurally diverse factors suggestively contributing to innate immunity in rainbow trout. Based on structural information and previous reports, capacities for binding to microbial structures can be assumed for both TCBP factors. TCBP1 meets the criteria of a classical acute-phase reactant, as its expression is strongly induced in the liver after bacterial challenge. Why an obvious nonsense TCBP1 transcript variant is more strongly expressed than its full-length TCBP1 counterpart remains enigmatic. In vitro analyses suggest that TCBP1 activates NF-kB, which is known to regulate immune, apoptotic and proliferative cellular processes. The present study thus offers starting points for further research into the physiological role of TCBP.
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